M otion perception is the process of inferring the speed and direction of objects that move in a visual scene given some input (Royden, 2000) . Although this process appears straightforward to most observers, it has been a hard problem from a computational perspective and extraordinarily difficult to explain in terms of neural processing (Royden, 2000) . Many of the most relevant objects in the environment are those that move, because motion provides an important source of information about distance and shape. The world is dynamic, meaning motion detection is vitally important for survival (Albright & Stoner, 1995) . Therefore, perception of motion is a critical function of the visual system (Geisler, 2008) .
Among the moving objects humans encounter in everyday life, none are more relevant or important than other people. As highly social and group-oriented creatures, humans rely heavily on the ability to perceive what other people are doing and then infer from gestures and expressions what others may be intending or feeling (Blake & Shiffrar, 2007) . Because of the importance of perceiving human activity, the human brain appears to contain specialized neural machinery for registering biological motion (Grossman, 2005) . One of the most interesting examples of the resourcefulness of human vision, showing how mechanisms have developed to perceive human activity due to its importance for humans' everyday lives, is the ability to see biological motion. Biological motion is the movement patterns of living organisms, such as humans or animals (Johansson, 1973) . Visual functions evolved to detect motion, specifically biological motion.
Experimenters demonstrated the ability to perceive biological motion by using point-light animations that depict human activity using only ABSTRACT. Experimenters have demonstrated human's ability to perceive biological motion using point-light animations. Observers have also recognized gender based on these displays. Furthermore, inversion effect or preference for upright stimuli for biological motion has been documented in the literature. While the inversion effect has been documented in various experimental tasks, this effect needs to be examined on the basis of recognition of gender. The primary aim of this experiment was to examine the inversion effect using a novel task to replicate or refute, as well as to examine how inversion impairs gender classification. Twentyseven participants completed gender recognition trials on both inverted and upright point-light displays, and experimenters measured accuracy of gender recognition. Observers were less accurate at recognizing gender in inverted point-light displays of human biological motion, and the inversion effect impacted identification of male stimuli more than female stimuli. While further research needs to be conducted, it should be noted that some participants reported making gender decisions based on specific areas of the human anatomy, which could be relevant for future studies. a small number of light points strategically placed at different locations on a moving human body (Johansson, 1973; Neri, Morrone, & Burr, 1998) . Johansson (1976) found that from only a few moving light points located at the joints, participants perceptually organized the point-light animation into a gestalt, (i.e., walking person) at an exposure time of 0.2 s, and 40% of participants perceived a human body in such motion at presentation times as short as 0.1 s. Viewing point-light animations, human observers can make a wide variety of perceptual judgments that not only include the identification of the activity being executed, but also the recognition of the identity, gender, and emotional state of the "actor" used to create the point-light display (for a review of these findings see Blake & Shiffrar, 2007) .
Research has shown that observers made distinguishing judgments and recognized gender based on these displays (Blake & Siffrar, 2007; Hill & Johnston, 2001) . Human observers adapted to complex biological motions that distinguish men from women. Viewing the gait of one gender biased judgments of subsequent gaits toward the other gender (Jordan, Fallah, & Stoner, 2006) . Research has shown when biological motion is presented upside down, or inverted, perception is strongly impaired (Troje & Westhoff, 2006) . McKone (2004) illustrated this effect using facial identification. McKone (2004) found that 64% of participants identified images correctly when inverted compared to 93% of subjects identifying correctly when the images were subsequently presented upright. Furthermore, participants were less confident in their selections of inverted faces, even when the selections had been correct. Research has shown an inversion effect. Specifically, accuracy of judgments were reduced when an image was rotated 180°, but what about point-light displays of figures?
Explanations of how observers are able to extract information from point-light displays generally fall into two categories. A review of each would not add significant weight to this study. Both explanations argue that experience with specific events is necessary for perception (Shipley, 2003) . The research on orientation effects in biological motion perception has led to the same conclusion. Similar to the inversion effect in facial recognition, if biological-motion point-light displays are presented upside down, perception identification suffers (Pavlova & Sokolov, 2000; Sumi, 1984) . Shiffrar, Lichtey, and Chatterjee (1997) found that 100% of participants could identify that a point-light display was human when upright, but less than 20% could recognize a human when the point-light display was inverted 180°. This inversion effect seemed to occur regardless of the experimental task and affected detection of a pointlight walker (Bertenthal & Pinto, 1994; Pavlova & Sokolov, 2000; Troje, 2003) . Thus far, no one has examined the effects of inversion on identifying the gender of a point-light display.
The primary aim of this experiment was to examine the inversion effect using a novel task to examine how inversion impairs gender classification. Participants selected male or female as a classification when experimenters presented upright and inverted gender differentiated stimuli. Humans have the ability to make gender judgments based on point-light displays (Blake & Shiffrar, 2007; Hill & Johnston, 2001 ), but humans' ability to perceive biological motion of faces is lessened when these faces are inverted (Jordan et al., 2006) . It was expected that observers would be less accurate at recognizing gender in inverted point-light displays of human biological motion.
Method
Participants Participants (N = 27) included 11 men and 16 women enrolled in an Introduction to Psychological Science class. Participants volunteered and received credit toward a participation grade for their class. Participants' ages ranged from 18-32 years (Mage = 20.44, SD = 2.48). Participants included two first-year students, 14 sophomores, seven juniors, three seniors, and one graduate student. Data on the participants' ethnicity was not gathered.
Materials
Demographic questionnaire. Experimenters gave a demographic questionnaire to each participant. The survey consisted of demographic questions that included age, gender, and school classification of participants. This survey was administered before data collection.
Point-light displays. Point-light displays have been created and programmed for gender recognition by the Biological Motion Lab at Queens University in Ontario, Canada (Queens University Biomotion Lab, 2009). The program has a point-light figure performing an activity and instructs participants to select the gender of the figure. The point-light displays were displays of frontal movement where the figure was performing were used to show the point-light displays to the participants on monitors set at a standard 60Hz refresh rate. Each participant was given a percent correct after 10 trials and then scored after 21 trials. Participants completed 21 trials in each of the four conditions (two inverted and two upright blocks). Participants received an accuracy ratio (total correct/total seen) out of 21 for each block indicating the percentage of point-light figures they correctly identified by gender as well as an accuracy ratio indicating the correct percentage for male and female point-light stimuli. Participants' final accuracy ratios were calculated out of 84 trials (42 inverted, 42 upright). A participant's score could have ranged from 0-84 out of 84, as well as a score out of the number seen of inverted stimuli, male stimuli. The inverted point-light stimuli were created by pressing a set of keys on the keyboard that inverted the entire display by 180°.
Design
The design was a 2 (upright vs. inverted stimuli) x 2 (male vs. female stimuli) x 2 (male vs. female participants) mixed method using block randomization to counterbalance the two conditions (inverted point-light displays vs. normal point-light displays) in four trials. The point-light program randomized the number of male (M = 44.67, SD = 3.67) and female (M = 39.29, SD = 3.67) stimuli seen. Participants saw as few as 31 of one gender of stimuli and as many as 53 of one gender.
Procedure
Experimenters told participants the study was investigating the perception of biological motion using point-light displays. Participants received and read an informed consent form, had an opportunity to ask questions, and signed the form. Participants completed the demographic survey.
Researchers informed the participants that point-light displays are animations that depict human activity using only a small number of light points strategically placed at different locations on a moving human body. Researchers demonstrated one trial to show participants the program, which was not scored. Researchers explained to participants, You will now complete 21 trials for each of the four blocks in a specified order under the supervision of a researcher. You will indicate whether you think the display is depicting a male or female. The researcher will record the data for each trial at the end of 21 stimuli displays, and you will be directed on what to do for the next block of trials. When you are done, wait for the researcher to direct you on the next trial set and at the end wait to be debriefed. These are subjective judgments and we are interested in your perceptions, so do not worry about right and wrong answers or your score being any measure of your skills or abilities.
Gender recognition response options for participants to make a gender selection were generic male or female pictures, similar to restroom distinguishing figures, with male or female written under the appropriate selection choice.
Researchers used block randomization to determine the order in which each participant completed each of the four trials. Thirteen sessions were run with 1 to 4 participants in each group. No more than two participants were assigned to a researcher during any session to allow for close monitoring. Participants viewed each display for 2 s, but there was no time limit on responding to the gender recognition task.
Participants completed 84 trials (21 for each trial block and 42 for each condition). They were debriefed, given the opportunity to ask questions, informed of when and where the research would be presented, and thanked. The entire experiment took approximately 15 minutes.
Results
A 2x2x2 mixed ANOVA yielded a statistically significant main effect for stimulus type (inverted or normal stimuli) F(1, 25) = 19.38, p < .001, η 2 = .15, meaning that upright stimuli accuracy ratios (M = .66, SD = .08) were significantly greater than inverted stimuli accuracy ratios (M = .54, SD = .09). No other main effect was statistically significant. The ANOVA also yielded a significant interaction between stimulus type (upright or inverted) and stimulus gender (male or female) F(1, 25) = 13.95, p < .001, η 2 = .04, meaning the inversion effect impacted male and female stimuli differently. The inversion effect had more of an impact on male stimuli accuracy ratios (see Figure 1) . Further analyses showed that participants were performing at chance levels (50%) for the 
Discussion
In this experiment we found that participants were more accurate at recognizing gender in pointlight displays of human biological motion when they were presented upright than when they were inverted. Similar to the inversion effect in facial recognition tasks, biological-motion point-light displays that are presented upside down result in an impaired perception (Sumi, 1984; Pavlova & Sokolov, 2000) . The inversion effect seems to be present regardless of the experimental task in relation to biological motion tasks (Bertenthal & Pinto, 1994; Troje, 2003; Pavlova & Sokolov, 2000) . These inversion effects seem to support Shipley's (2003) findings that experience with specific events is necessary for perception because people do not live in an inverted world.
Interestingly, there was more of an inversion effect on male stimuli than on female stimuli. When inverted, participants were less accurate at recognizing gender, but they were significantly more accurate at recognizing inverted female stimuli than inverted male stimuli (see Figure 1) . The figure shows that recognition of male stimuli was impacted by the inversion effect significantly more than female stimuli. Our first thought was that this finding might be due to different numbers of male and female participants and differences in biological motion gender preference. Participants are more efficient in categorizing same gender faces (Cellerino, Borghetti, & Sartucci, 2004) , and gender differences favoring women have been found in facial recognition tasks (Lewin & Herlitz, 2002) . Although facial recognition seems to depend on participant gender preference, the results did not indicate that gender preference produced the significant interaction between stimulus type and stimulus gender. Some participants reported making decisions based mostly or solely on point-light "hips," which could be pursued to determine why male stimuli were affected more by the inversion effect than female stimuli.
Although the study produced statistically significant results, there were some limitations. The participant sample size (N = 27) and homogeneity, due to where the sample was selected from, are issues that should be resolved when furthering this line of research. The nature of the task and the media used were limited by the programming abilities of the researchers. These issues could be resolved and evaluated further with a replication of the study.
Future research should focus on explaining why the inversion effect affects male and female stimuli differently. First and foremost, because this is novel research, the first step must be to replicate results. Replicated results will allow researchers to move forward with more assurance that there truly is a difference in the inversion effect on male versus female stimuli. Although there was no significant three-way interaction, the scope of this research did not originally include a search for point-light gender preference. Future research could organize male and female groups to specifically test for a point-light gender preference similar to facial recognition preference. Although the inversion effect is well documented, the accuracy ratios could include timing as another measure. Results might indicate that people are quicker at responding to normal point-light stimuli than inverted stimuli and that people are also quicker when responding to female inverted stimuli than to male inverted stimuli. Extended research could also determine where participants are looking to make gender recognition selections. Participants indicated looking at hip motion, so research could determine whether female point-light hip motion is easier to recognize. Eye tracking experiments using a similar methodology would allow researchers to help determine where participants were looking to recognize gender and what cues they were using. Based on the results, the inversion effect is more prominent for male stimuli than for female stimuli in point-light recognition tasks. This gender dependence effect is unknown for other biological motion stimuli. Our results indicate that the cues for male recognition may be so subtle that they are more susceptible to interference than female recognition. There was information available to participants when female figures were shown that was not present when male figures were shown. This could relate to the biological female form, mate selection, or some other visual stimuli not discussed. It seems clear that this is a line of research worth pursing because of the importance of understanding the nature of human perception of biological motion. The perception of biological motion plays a huge role in our dynamic and social society. Without the resources the visual system puts into biological motion perception, we would not have the same abilities of interaction. Our research highlights sensitivity of this highly complex system, and could be used to help explain other errors of the visual perception system.
